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Abstract Background Several recent reports suggest an
increasing incidence of oral squamous cell carcinoma
(OSCC) among young persons in many regions of the
world—a trend which is particularly concerning given the
overall stabilization or even decline in incidence rates for
head and neck cancer in general. The aim of this study is to
determine whether there has been an increase in the num-
ber of cases of OSCC diagnosed in patients <40 years old
by our biopsy service from 1971 to 2006. Methods A ret-
rospective review of all OSCC cases diagnosed from 1971
to 2006 by the Emory University Hospital Oral Pathology
biopsy service was performed. A comparison of demo-
graphic information, frequency, location and histologic
grade was made between these cases as a whole and those
occurring in a subset of patients <40 years old. Statistical
procedures included chi-square analyses. Results From
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1971-2006, 1,919 cases of OSCC were diagnosed, and 95
(5.0%) occurred in patients <40 years old. A total of
8 cases were diagnosed from 1971 to 1980, compared to
36 cases during the period 1981-1990, 31 during the per-
iod 1991-2000 and 21 cases from 2001 to 2006. The
increase in OSCC incidence from the 1970s when com-
pared to 1981-2000 was statistically significant
(P <0.002). A 1.7:1 male:female ratio was seen in all
decades. The mobile (oral) tongue was the most common
location in all decades (62.1%) in young patients. In con-
trast, tongue cancers accounted for 27.4% in patients >40.
This difference between the two groups was statistically
significant (P < 0.0001). Of great surprise, however, was
the significant increase in tongue cancer during the study
period in patients >40 which accounted for 37.1% of all
OSCC diagnoses from 2001 to 2006, compared to 20.5% of
OSCC cases from 1971 to 1980 (P < 0.0001). Conclusions
We demonstrated a greater than fourfold increase in the
incidence of oral squamous cell carcinoma (OSCC) in
young patients <40 years old beginning in 1974 and
peaking in the late 1980s, then remaining stable. The
mobile tongue is the most common location for cancer in
this age group accounting for 62.1% of cancers. However,
the mobile tongue increasingly appears to be the most
common site for oral cancer in all age groups.
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Introduction

Oral squamous cell carcinoma (OSCC) predominantly
occurs in individuals during the fifth through eighth dec-
ades of life [1]. Among young persons, the occurrence of
OSCC is rare, representing from 0.9 to 2.7% of all cases
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[2]. However, several recent reports suggest an increasing
incidence of this disease among young persons in many
regions of the world—a trend which is particularly con-
cerning given the overall stabilization or even decline in
incidence rates for head and neck cancer in general [3-5].
For instance, Chen et al. reported that between the 1960s
and mid-1980s, there was a nearly fourfold increase in oral
cancer incidence among male patients 30-39 years of age
in the Connecticut Tumor Registry and University of
Connecticut Oral Pathology Biopsy Service [6]. Moreover,
Myers et al. found that the percentage of tongue SCC
patients at University of Texas M.D. Anderson Cancer
Center who were younger than 40 years at presentation
increased from less than 10% in 1948 to between 15 and
25% in the mid-1990s [7]. Analyzing data from the Vaud
Cancer Registry in Switzerland, Levi et al. calculated an
increase in the age-standardized incidence rate of oral and
pharyngeal cancer for young male adults from 39 per
million during the years 1974-1979 to 65 per million
during the years 1986-1992 [8]. Atula et al. found that
among cases of tongue SCC registered in Finland, the
percentage of cases occurring in young adults increased
from 4.3% in the 1960s to 8.6% in the 1970s and 7.2% in
the 1980s [9]. Oral cancer mortality rates for young
patients also have been increasing over the last 30—
50 years both in Europe [10, 11] and the United States
[12]. Schantz et al. analyzing the National Cancer Institute
Surveillance, Epidemiology, and End Results (SEER)
database noted a significant increase in tongue cancer
incidence from 1973 to 1985 in patients younger than
40 years. After 1985, the incidence rates stopped rising but
remained high [3]. Shiboski et al. also analysed the SEER
database from 1973 to 2001 in adults aged 20—44 years [4].
A significant increase in both palatine tonsil/base of tongue
and oral tongue SCC was noted in this age group compared
to SCC in other oral and pharyngeal sites, which remained
constant or even declined.

Prompted by these striking findings of increasing inci-
dence and mortality, we wondered whether such trends were
reflected in the large pool of OSCC cases seen at Emory
University Hospital, located in a large metropolitan area of
the Southeastern United States. Specifically, we aimed to
establish whether there was an increase in the frequency of
OSCC cases in patients <40 years of age recorded by the
Emory University Hospital Oral Pathology biopsy service
over a three-decade period spanning from 1971 to 2006.

Methods

A retrospective review was performed of all cases diag-
nosed as invasive SCC of the oral cavity by the Emory
University Hospital Oral Pathology biopsy service from

1971 to 2006 after obtaining Institutional Review Board
approval. Age at presentation, gender, primary site, and
histologic grade were recorded. Cases occurring within the
oral cavity (i.e., mobile tongue, floor of mouth, hard palate,
gingiva/alveolar mucosa, buccal mucosa/vestibule/labial
mucosa), lip vermilion, and intrabony mandible/maxilla
were included in the study. We examined only biopsies
from the oral or mobile tongue and did not include oro-
pharyngeal sites, including tonsils and base of tongue.

Comparisons were made between OSCC patients less
than 40 years of age and those greater than 40 years old to
find out if there is difference between these two age
cohorts. In addition, comparisons was made between data
collected for the decades 1971-1980, 1981-1990, 1991—
2000, and 2001-2006, for all subjects and separately for
the two age cohorts, to detect possible variations and trends
across decades. Pearson Chi-square statistics are used to
analyze categorical variables while two sample t-tests are
used to analyze continuous variables. All analyses are
performed in SAS 9.1.

Results

A summary of data collected for all patients diagnosed with
OSCC for the period 1971-2006 and for each period sub-
division is given in Table 1. During the entire study period,
out of a total of 159,407 total cases accessioned,
1,919 cases of OSCC were diagnosed in this population,
representing 1.2% of total cases accessioned. With each
decade, the percentage of OSCC diagnosed in the biopsy
service remained relatively stable. Age data were available
for all but 47 cases, with an average age at presentation of
63.7 years (range 18-95 years). The average age at pre-
sentation for female patients (66.4 years) was
approximately 5 years greater than that for male patients
(61.5 years) (P < 0.001). There was a slight male predi-
lection with a male to female ratio of 1.2:1, which
remained relatively unchanged during the 35-year study.
A summary of data comparing and contrasting patients
with OSCC <40 years of age and those >40 years for each
study period 1971-2006 and for each decade is displayed
in Table 2. Since no significant difference is detected
between patients with age missing and patients with age
recorded, we assume Missing Completely at Random here
and omitted the missing data from this analysis. During a
35-year study period, a total of 95 patients <40 were
diagnosed, representing 5.0% of all OSCC cases, and 0.1%
of all cases accessioned. Eight patients were diagnosed in
the 1970s. The first ever known diagnosis of OSCC in a
patient <40 years of age in the Emory University Oral
Pathology Service was in 1974. One case was reported
each in 1977 and 1978, 2 cases in 1979, and 3 cases in
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Table 1 Oral squamous cell
carcinoma (OSCC) incidence

and demographic table for all
subjects

1971-2006  1971-1980  1981-1990  1991-2000  2001-2006
OSCC incidence
# OSCC patients 1,919 446 474 669 463
# total accessions 159,407 29,157 41,473 49,241 39,536
% of total accessions 1.2 1.5 1.1 1.4 1.2
Age (years)
Average age 63.7 63.1 63.0 63.9 64.6
Average age of males 61.5 61.8 60.4 61.2 62.8
Average age of females 66.4 64.7 66.1 67.2 66.8
Gender
% of female patients 45.0 32.1 45.6 45.0 43.8
(# females/total OSCC patients)  (863/1,919)  (143/446) (216/474) (301/669) (203/463)

1980. Thirty-six patients presented in the 1980s, 31
patients presented in the 1990s, and from 2001 to 2006,
21 cases were reported. When we look at the percentage of
OSCC patients <40 years of age among all OSCC patients,
the overall chi-square test shows this number did not stay
stable over the study period (P = 0.01). Specifically, there
was a significant increase from the 1970s to the 1980s
(2.56-7.59%, P = 0.003), a small decrease from 1980s to
the 1990s (7.59—4.48%, P = 0.03), and then a plateau from
1990s to 2001-2006. A total of 1755 OSCC diagnoses
were made during the 35 year study period in patients
>40 years. The incidence of OSCC diagnosis in this cohort
remained relatively stable over the 35-year study period,
accounting for 1.1% of all accessions, and 95.0% of all
OSCC diagnoses.

In the younger cohort, the average age at presentation of
32.5 years (range 18-39) was similar for both females and
males. This is in contrast to the older cohort where females
were on average 5 years older than males (68.1 vs. 63.1)
(P < 0.001). Of the 95 OSCC in patient <40 years, 55
were males and 40 females. The male to female ratio was
1.4:1 which was slightly larger than the 1.2:1 ratio in the
older cohort, but this difference was not statistically dif-
ferent (P = 0.558).

The anatomic location and histologic tumor grade for
each age group from 1971 to 2006 are presented in
Table 3. From 1971-2006, the most common sites for
cancer in patients <40 years were overwhelmingly in the
mobile tongue (62.1%), followed by lip vermilion (12.6%),
and buccal mucosa/vestibule/labial mucosa (10.5%). This
high incidence of cancer in the mobile tongue was statis-
tically significant (P < 0.0001) when compared to the
other sites of occurrence. In fact when we examined the
last 5 years, 2001-2006, 85.7% (18/21) of OSCC cancers
diagnosed in this age group were mobile tongue cancers.
The percentage of mobile tongue cancer increased signifi-
cantly from 1991-2000 to 2001-2006 (P = 0.02), while no
significant change was detected for incidence in other

locations and between other study periods. Also, the inci-
dence in mobile tongue cancer in young patients is
significantly higher than the incidence in patients
>40 years old (62.1% vs. 27.4%, P < 0.0001) (Fig. 1).

In patients >40 years of age, the most common sites of
OSCC in order of decreasing frequency were mobile ton-
gue (27.4%), floor of mouth (22.1%), and gingiva/alveolar
mucosa (17.3%). Although not as dominant as in younger
patients, the incidence of tongue cancer has been increas-
ing (monotonically) among older patients. This increase is
significant from the 1980s to the 1990s (20.6-28.5%,
P =0.005) and from the 1990s to 2001-2006 (28.5—
37.1%, P = 0.0004). In contrast a decreasing trend
(monotonically) was noted in the incidence of floor of
mouth, while incidence rates of other locations exhibit
some fluctuation.

The percentage of cases by histologic grade category are
provided in Table 3. These observed histologic grades
were similar throughout the three decades and were not
significantly different between the younger and older
cohorts.

Discussion

We demonstrated a sharp increase in the incidence of
OSCC in young patients, beginning in 1974, peaking in the
late 1980s, and remaining steady through 2006. Only
8 cases (2.3%) of OSCC were diagnosed in young patients
in the 1970s from our biopsy service compared to 36 cases
(6.8%) in the 1980s which represents a greater than four-
fold increase (P < 0.002). When comparing the 1980s to
the 1990s, and 1990s to 2001-2006, there were no statis-
tically significant changes in the incidence of OSCC in this
population. These findings reflect the published SEER data
for the 1970s—1990s. The overall 35-year OSCC incidence
in the biopsy service for the younger cohort was 5.2%. In
the 1980s, 7.8% of all OSCC diagnosed in the biopsy
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Fig. 1 From the years 1971-2006, cancer of the mobile tongue
accounted for 62.1% of all oral squamous cell cancer (OSCC) cases in
patients <40 years of age. This compares to cancer of the mobile
tongue occurring in 27.4% of patients >40 years of age during the
same time period. The incidence in mobile tongue cancer in young
patients when compared to the incidence in patients >40 years old
was highly statistically significant (P < 0.00001)

service were in persons <40 years. These numbers are
higher than the previously reported range of 0.4—4.8% [13].

In our study, there was a significantly greater proportion
of oral cancer cases involving the mobile tongue in the
young cohort compared to patients >40 years old (62.1%
vs. 27.4%, P < 0.00001). Indeed several other authors
examining OSCC in a young population also have found
the mobile tongue to be the most common site of occur-
rence [2, 3, 13—15]. Martin-Granizo et al. reported 29% of
cases affecting the tongue [2]. Slightly higher proportions
of cases affecting the mobile tongue were found by other
authors (e.g., 38% by Hart et al., 41% by Son and Kapp,
45% by Mackenzie et al.) [13, 15, 16]. In Shantz et al.’s
review of the SEER database, tongue cancer in patients
<40 years old increased 62% from 1973-1984 to 1985-
1997 and accounted for 35% of OSCC [3]. Why our pop-
ulation had a higher percentage of mobile tongue cancers
than other studies is difficult to determine.

An unexpected finding was the significant increase in
mobile tongue cancers in patients >40 years of age. The
SEER data shows a small, but steady decline of oral cancer
in all anatomic sites during 1976-2004 including the oral
tongue [1]. In our population, however, we observed a
significant increase in oral tongue OSCC from the 80s to
the 1990s (P < 0.005) and from the 1990s to 2001-2001

period (P < 0.004). This was the only anatomic site that
consistently increased in incidence over the 35-year study
period and accounted for a remarkable 37.1% of OSCC
diagnoses in 2001-2006.

Significant decreases in OSCC diagnoses from the gin-
gival/alveolar mucosa were noted during the same time
period in the older cohort, and the other anatomic sites with
the exception of lip were unchanged in incidence. We saw
a significant increase in lip cancer diagnoses from the
1990s to 2001-2006 (P < 0.002), but not in the other time
periods examined.

An interesting finding was the greater incidence of SCC
of the lip vermilion in the young patient subset (12.6% of
OSCC cases) than in the >40 patient population (7.1% of
OSCC cases) (P < 0.05%). This increased incidence is in
contradistinction to the SEER database, which showed a
much higher incidence of lip cancer in patients >40 years
old. Although lip cancer is generally included in oral
cancer statistics, its etiology in part is thought to be distinct
from that of intraoral cancer. SCC of the lip vermilion is
typically caused by acute sun damage early in life or by
chronic sun exposure, whereas SCC of the labial mucosa
and other intraoral sites most often is associated with
tobacco use with or without alcohol consumption.

There are five previous studies reported in the literature
examining OSCC in patients 40 years of age and younger
[2, 3, 13-15]. In many ways our findings are similar to
those of prior studies. In our study the average age at
presentation of the young patient subset was 32.5 years,
similar to the average ages of 31.7 years reported by Son
and Kapp [15] and 34.8 years reported by Martin-Granizo
et al. [2]. The two youngest patients in our study were
19 years of age at presentation. Of the remaining patients
in the young patient subset, 24 (25.2%) presented in the
third decade of life, and 69 (72.6%) presented in the fourth
decade of life. Similarly, Martin-Granizo et al. found a
majority (79.2%) of young OSCC patients presenting in the
fourth decade of life [2]. Thus, although OSCC is generally
rare among patients 40 years of age and younger, when it
does occur in this age group, it seems to have a peak
incidence among patients in the fourth decade, in keeping
with the generally accepted increased risk of OSCC with
increasing age. The male: female ratio for cases in our
young patient subset was 1.7:1, which was slightly greater
than the ratio of 1.2:1 for the >40 OSCC population
studied. A similar slight male predilection among OSCC
patients 40 years and younger was reported by Martin-
Granizo et al. and Mackenzie et al., who found male-to-
female ratios of 1.6:1 and 1.9:1, respectively [2, 13]. In
contrast, Cusumano and Persky [14] found a male-to-
female ratio of 6.7:1, although this included both oral and
oropharyngeal carcinoma. These authors did not comment
on why there was such a dramatic male predilection among
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the cases they studied. Cusumano and Persky did note,
however, that patients with oral cavity lesions were more
often female whereas patients with oropharyngeal lesions
were more often male.

OSCC seems to be extremely rare in the first decade. To
the best of our knowledge, the youngest OSCC patient
reported in the literature was a 7-year-old boy with a lesion
of the maxillary alveolar ridge who was otherwise healthy
[16]. Defining a general category of “young” patients as
less than 40 years of age may be somewhat arbitrary, for it
is not known whether the etiology and pathogenesis of
OSCC in infancy and childhood is fundamentally different
from that of OSCC in young adults. However, we believe
that using this traditional definition was justified in order to
allow for comparisons with previous studies and the SEER
database. More than 95% of OSCC occur in people
>40 years old with a mean age of onset in the seventh
decade.

Our study was restricted to analysis of cases diagnosed
by our biopsy service, and thus we are not presuming to
extrapolate our findings in order to make conclusions
concerning trends in the world population. Our patient
population primarily hails from the Southeastern United
States, although there are appreciable numbers of patients
from other regions of the country as well. Cases seen by
our biopsy service primarily include patients seen by health
care providers (i.e., general dentists, oral surgeons, peri-
odontists, and otolaryngologists) in private practice and
managed care settings but also include a smaller number of
patients receiving care at Emory University Hospital,
which is a tertiary health care facility. In this respect, the
patient population we studied may be more representative
of the general population than previous studies solely
limited to the experience of a tertiary health care facility
and thus influenced by an inherent selection bias. Since the
cases we analyzed were obtained from our biopsy service,
in many cases information regarding risk factors (e.g.,
tobacco and alcohol usage), staging, treatment, and patient
outcome were unavailable since most of the patients were
not treated at Emory University Hospital. Although we
attempted to gather some of this information by contacting
individual providers, in many cases the information was
not available due to lack of documentation, lack of patient
follow-up, or purging of old patient records. Information
regarding risk factors would have been interesting to
examine, since the etiology of OSCC in young patients is
not entirely clear. The primary risk factors for OSCC are
tobacco and alcohol use. While some studies report that
young patients parallel the OSCC population in general by
displaying a high proportion of cases with a history of
significant tobacco and alcohol use, others suggest that
young patients usually lack such a history [3, 13, 17-19]. In
addition, exposure to these risk factors must be of long

enough duration to have a detrimental effect. Llewellyn
et al. analyzed risk factors for oral cancer in patients 45
and younger and showed a significantly elevated odds
ratios for oral cancer in patients who smoked >21 years
[20]. This points to the potential influence of additional
etiologic factors—such as genetic susceptibility, immuno-
deficiency, or viral infection—-may be at work [2, 3, 12, 21,
22]. Lingen et al. studied the overexpression of p53 in
individuals <40 years old with tongue cancer and no
known risk factors [17]. They noted that 81% of these
patients overexpressed p53 protein but did not exhibit
mutations in exons 5-9 of the p53 gene, which are known
to exist in at least 50% of OSCC in older patients. Thus, the
molecular mechanisms of OSCC development may differ
in young patients compared to older patients.

One might expect that a proportion of patients in our
study had a history of smokeless tobacco use because the
majority of patients in the population we studied were from
the Southeastern United States. During the 35-year study
period, especially from 1971 to 1987, this region of the
country traditionally had high smokeless tobacco use rates
[23]. However, the OSCC increase also was seen in young
women whose use of smokeless tobacco is very low
(prevalence 0.3%) [3]. Similarly, smokeless tobacco should
induce cancer where the tobacco is held such as the gin-
giva, buccal mucosa and vestibule. Thus, one might expect
to find a greater proportion of cases affecting the vestibule,
buccal mucosa, labial mucosa, gingiva and alveolar
mucosa compared to studies conducted in other geographic
areas. However, in comparing our results with other stud-
ies, we did not find any significant differences in the
proportion of cases affecting these sites. For example, we
found that 16% of the young patient subset had lesions of
the buccal mucosa/vestibule/labial mucosa or gingiva/
alveolar mucosa. Similarly, Martin-Granizo et al. found
that 16.7% of OSCC cases among young patients treated at
a hospital in Madrid, Spain occurred in the alveolar or
buccal mucosa, and Son and Kapp found that 22% of
OSCC cases among young patients seen at Yale-New
Haven Medical Center and affiliated hospitals affected the
alveolar or buccal mucosa [2, 15]. In the >40 OSCC
population, when combining the anatomic site of gingiva/
alveolar mucosa and buccal mucosa/vestibule/labial
mucosa these account for a total of 32.5% of OSCC
diagnoses. We found it difficult to compare this finding to
that of other studies, however, because most other studies
in accordance with ICD-9 criteria designated locations
outside of the tongue, floor of mouth, and gingiva simply as
“other mouth” without further specification.

Other proposed risk factors include the use of marijuana,
although no studies have shown a statistically significant
elevation in the risk of OSCC with cannabis use in the
younger cohort [20, 24]. Poor nutrition, including low
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consumption of fruits and vegetables, also has been sug-
gested as a risk factor. Llewellyn et al. demonstrated that
long-term consumption of a diet of fresh fruits and vege-
tables reduced the risk of OSCC in patients <45 years [20].

Conclusions

We have shown a sharply increasing trend in the number of
OSCC in patients <40 years old, with a greater than
fourfold increase from the 1970s to the 1980s from the
Emory University Oral Pathology biopsy service. Our
findings are similar to the SEER data as well as data pre-
sented from other Western countries. The mobile tongue
accounted for the majority of OSCC diagnosed in this
cohort accounting for almost 62.1% of all diagnoses.
Although the etiologic factors responsible for oral cancer in
young patients, most likely share some similarities to
OSCC in the general population, there may be some dis-
tinct, but as yet, unidentified causes. Fortunately, oral
cancer in persons <40 is still a rare event, however the
rising trend is worrisome.

Of note, there was also a significant increase in mobile
tongue cancer diagnosis in persons >40, accounting for
almost 37.1% of cases from 2001 to 2006. Why our
experience with rising rates of oral tongue cancer diagno-
ses in the older population is not as of yet reflected in the
SEER data cannot be determined. Shantz et al. noted that
the rising trend in tongue cancers started with patients born
after 1938, and lifestyle factors may play a role. These
authors pondered whether the incidence of tongue cancers
may increase as the population ages [3]. Perhaps oral
tongue cancer is a distinct disease process associated with
unidentified risk factors that impact all age groups and
warrants continued investigation.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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